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Oxidation of alcohol to aldehyde: Catalyst 2 (0.01 mmol, 9 mg) was dissolved in 1 mL dichloroethane solution and 3 mL toluene was added to it. Then alcohol (1 mmol) and tempo (2 mmol, 292 mg) were added. The reaction mixture was heated to 80°C for 6 h. The progress of the reaction was monitored by GC. After the reaction was over, the resulting mixture was cooled to room temperature, then it was extracted with diethyl ether (3 20 mL). The ethereal solution was washed with brine (3 10 mL) and dried over MgSO 4 and filtered. After removing the solvent under vacuum, the product was purified by chromatography on a silica gel column using a mixture hexane/EtOAc as eluent.
Aldehyde-olefination reaction: 3 mL toluene solution of EDA (1.5 mmol, 0.14 mL) was added drop-wise to the mixture of triphenylphosphine (1.2 mmol, 314 mg), aldehyde (1 mmol) and catalyst 2 (0.01 mmol, 9 mg) in toluene and dichloroethane solution mixture over a period of 30 min under nitrogen atmosphere. Then the solution was heated for 6 h at 80°C. The progress of the reaction was monitored by GC. After the reaction was over, the resulting mixture was cooled to room temperature, then it was extracted with diethyl ether (3 20 mL). The ethereal solution was washed with brine (3 10 mL) and dried over MgSO 4 and filtered. After removing the solvent under vacuum, the product was purified by chromatography on a silica gel column using a mixture hexane/EtOAc as eluent.
One pot synthesis of α,β-unsaturated ester from alcohol: Catalyst 2 (0.02 mmol, 18 mg) was dissolved in 1 mL dichloroethane solution and the 3 mL toluene was added to it. Then alcohol (1 mmol) and tempo (2 mmol, 292 mg) were added. The reaction mixture was heated to 80°C for 6 h. After 6 h reaction mixture is cooled to room temperature and then triphenylphosphine (1.2 mmol, 314 mg) was directly added in the same reaction mixture and 3 mL toluene solution of EDA (1.5 mmol, 0.14 mL) was added drop wise over it. Then the solution was heated for 6 h at 80°C. The progress of the reaction was monitored by GC. After the reaction was over, the resulting mixture was cooled to room temperature, then it was extracted with diethyl ether (3 20 mL). The ethereal solution was washed with brine (3 10 mL) and dried over MgSO 4 and filtered. After removing the solvent under vacuum, the product was purified by chromatography on a silica gel column using a mixture hexane/EtOAc as eluent. 
88.3(5) a Symmetry transformation used to generate equivalent atoms: 1/2-X, 3/2-Y, 2-Z. 
